O BESITY DIAGNOSIS AND treatment are typically based on body mass index (BMI), calculated as weight in kilograms divided by height in meters squared, of at least 30. However, 3 categories of obesity are defined: obesity 1 (30-34.9); obesity 2 (35-39.9); and extreme obesity (Ն40). 1 The latter 2, sometimes termed severe obesity, 2, 3 are reported to be increasing especially rapidly in the United States, 4, 5 particularly among women, and tend to be persistent. 6 From 1986 to 2000, prevalence of BMI of 30 or higher approximately doubled, while that of BMI of 40 or higher quadrupled and that of BMI of 50 or higher increased 5-fold. 5 In 2000, 2.8% of all US women, and 6% of black women reported measurements consistent with extreme obesity. 4 Although sound public health and clinical decisions regarding obesity must incorporate its expected health risks, estimates of obesity-related risks in women have generally been based on weight data that preceded the increase in extreme obesity. [7] [8] [9] [10] [11] [12] [13] It is unclear whether health risk increases or plateaus as body weight increases throughout the obese range. Mortality risk has been shown to be highest for the most obese individuals, 3, 9, 14, 15 and extreme obesity has been linked with impaired quality of life 16 and health care spending. 17 Limited data show high comorbidity prevalence among extremely obese patients. 18, 19 However, prospective data are limited, based on select (often surgical) samples, and often focus on diminished morbidity following bariatric surgery rather than expected comorbidity incidence in the absence of weight loss intervention.
We sought to examine the relationship between weight category and mortality and coronary heart disease (CHD) in a large population-based sample of US women, focusing on risk across degree of obesity. We focus on race-specific risk estimates and assess for racial differences in mortality risk in order to better understand how obesity may be related to the generation of excess cardiovascular risk in black women. For example, the strong established link between obesity and CHD 20 suggests that prevalent obesity among black individuals may be imparting significant health risk; alternatively, published data show a weaker association between obesity and mortality for black vs white samples. 21, 22 The racial/ethnic diversity, broad baseline weight range, and prospective follow-up data of the Women's Health Initiative Observational Study (WHI-OS) make it a valuable setting for addressing these issues.
METHODS
As described in detail elsewhere, 23 the WHI-OS involved women who were aged 50 through 79 years, were recruited from 40 US clinical centers, and had signed consent forms approved by institutional review boards of collaborating institutions. Participants included women who were ineligible for or chose not to participate in the WHI diet or hormone trials. Recruitment was completed in December 1998, and 3.7% of participants were subsequently lost to follow-up.
During baseline and 3-year follow-up clinic visits, WHI-OS data were collected on demographics, measured height, health history, tobacco use, and frequency and duration of a variety of recreational physical activities. Metabolic equivalent scores were computed as the product of days per week, minutes per day, and metabolic equivalent values for each activity. 24 Self-reported health outcomes were assessed by annual mailed survey; incident cardiovascular outcomes (but not diabetes or hypertension) were verified by medical records. 25 Outcomes through August 31, 2004, are reported herein, representing an average follow-up of 7.0 years (range, 0.0-9.9 years).
We used BMI-based criteria to assign women to 5 weight categories: normal (18.5-24.9), overweight (25.0-29.9), obesity 1 (30.0-34.9), obesity 2 (35.0-39.9), and extreme obesity (Ն40). 20 Because we were interested in the effects of excess body weight, we excluded underweight women. We included women who had a baseline BMI of at least 18.5 and listed their primary ethnicity as white, African American, Hispanic, Asian/Pacific Islander, or Native American. Women self-identified race/ ethnicity with a questionnaire, which included these 5 options and "other."
We examined mortality rates by race (black vs non-Hispanic white), age, race/ ethnicity, baseline smoking status, and presence of diabetes or hypertension. As a first step toward examining how much these risk factors contribute to obesityrelated mortality risk, we also examined all-cause mortality in women without smoking, hypertension, or diabetes at baseline.
For each BMI category, we also examined race-specific (CHD) mortality. We calculated the incidence of diabetes or hypertension among women without each condition at baseline. Among women without a history of CHD (defined as including clinical myocardial infarction, angina, and cardiac revascularization), we calculated the incidence of CHD and its components.
We used Cox proportional hazard modeling to examine relationships between body size and 3 major outcomes (all-cause mortality, CHD mortality, and CHD incidence) in white and black women. Coronary heart disease analyses included fatal and nonfatal disease and were restricted to women without baseline CHD.
To determine whether weightrelated risk was significantly modified by race/ethnicity and age, we initially assessed interaction models between continuous BMI and race/ethnicity among all women. Within the 2 largest groups (white and black), we also examined interactions between continuous BMI and age or smoking status. Each model was adjusted for age, smoking status, educational achievement, US region, and physical activity level; the model combining all women was also adjusted for race/ethnicity. For interaction terms with P values significant at PϽ.05, we further examined subset data (eg, by age strata for a significant age ϫ BMI interaction) to determine the clinical significance of the interaction.
In the main modeling analyses, black and white women were analyzed separately and BMI categories were the predictor variables, for ease of application to clinical settings. We first adjusted the models for age (model 1), then for age, current smoking, educational achievement, US region, and recreational physical activity (model 2). As a secondary analysis to see how much of the total weight-related risk was explained by the weight-related CHD risk factors, we further adjusted for baseline report of diabetes, hypertension, and pharmacotherapy-treated hyperlipidemia. In doing so, we lost 1663 participants from our sample who did not provide these data. P values Ͻ.05 indicated statistical significance. For each of the relationships examined in the Cox proportional hazard models, we also examined tests of trend by running the proportional hazards model with an orthogonal variable of the BMI levels and present the P values for the BMI term.
All proportional hazards models were complete case and excluded 2729 participants with missing data for adjustment covariates. The proportional hazards assumption was checked by modeling a time ϫ BMI interaction term in a proportional hazards model along with the BMI term. All analyses were conducted using SAS software version 9.1 (SAS Institute Inc, Cary, NC).
RESULTS
Of 93 676 WHI-OS women, we excluded 3491 (1108 with inadequate data to calculate BMI, 1107 who were underweight, and 1308 with unknown, or missing data or being of another eth-EXTREME OBESITY AND MORTALITY nicity), resulting in a sample of 90 185 women for these analyses (96.3% of the original sample). Some women had more than 1 reason for being excluded from the study.
Baseline Characteristics
As shown in TABLE 1, the prevalence of extreme obesity was highest among black (9.6%) and lowest among Asian (0.9%) women. Women in higher weight categories reported having less education than those in lower weight categories. In general, participants reported low levels of recreational physical activity and degree of activity varied inversely with BMI. For example, 49% of women with normal BMI were in the highest 2 quintiles of physical activity, while only 16% of women with extreme obesity were in these 2 quintiles.
We found significant trends for increasing baseline prevalence of hypertension, diabetes, and hyperlipidemia across increasing weight class, although point estimates suggest that the relationship is weaker for hyperlipidemia. Although current smoking status also differed by weight class, with women in higher weight categories reporting less smoking, tobacco use was uncommon and the gradient across weight classes was small. Baseline prevalence of cardiovascular diagnoses all showed significant positive trends across weight categories.
Mortality and Weight Category
A total of 1743 women who were in the normal BMI range, 1527 in the overweight range, 827 in the obese 1 range, 371 in the obese 2 range, and 255 in the extreme obese category died during our follow-up period. As shown in TABLE 2, all-cause mortality (deaths per 10 000 person-years) increased with increasing weight category and ranged from 68.39 in women with normal BMI to 116.85 in women with extreme obesity. Point estimates of CHD-related mortality among women without CHD at baseline were also highest in women with extreme obesity; CHD-related mortality for overweight women was similar to that of women with normal BMI.
At each decade of baseline age, rates of all-cause mortality were higher in the obese vs normal BMI weight categories. However, the relative increase in mortality rates with weight category decreased with age.
Limited sample size led to lessprecise race/ethnicity-specific estimates of risk, but in white (all obesity classes), Hispanic (extreme obesity), and black (obesity 2) women, mortality was clearly higher for obese women than those with normal BMI. Point estimates were consistent with considerable obesity-related mortality in Asian and Native American women, but the confidence intervals (CIs) are wide.
Mortality rates were higher among those with CHD risk factors (smoking, diabetes, or hypertension) at baseline than those without such risk factors, regardless of race/ethnicity. Although sample size limits evaluation of change across weight categories, and these rates are not adjusted for possible confounders, the most clear-cut dose-response pattern in the 7-year allcause mortality was found across weight classes for women without any current smoking, diabetes, or hypertension. Severely obese black and white women had higher incidence rates of diabetes and hypertension than women in the lower weight classes (FIGURE).
Modeling Outcomes
The proportional hazards assumption was not violated in any of the modeling analyses, although it was of borderline significance (P=.049) for the all-cause mortality outcome. The interaction models showed that the relationship between BMI and all-cause mortality, CHD mortality, and CHD incidence did not differ by race/ethnicity (PϾ.05). However, among white women, a significant interaction was found between BMI and age (PϽ.001), and among black women, a significant interaction was noted between BMI and smoking (P=.03).
In the main modeling analyses, all obesity classes (but not overweight) were significantly associated with increased all-cause mortality in the ageadjusted model for white women (TABLE 3) . Compared with BMI in the normal range, risk for mortality was 18% higher for obesity 1, 49% higher for obesity 2, and more than doubled for extreme obesity. Adjusting for to- Abbreviations: CI, confidence interval; HR, hazard ratio. *Outcomes are modeled separately with covariates: Model 1: age; Model 2: age, tobacco use, educational achievement, US region, and physical activity in people without CHD at baseline. †Body mass index ranges: normal, 18.5 to 24.9; overweight, 25.0 to 29.9; obesity I, 30.0 to 34.9; obesity II; 35.0 to 39.9; extreme obesity, Ͼ40. Body mass index is calculated as weight in kilograms divided by height in meters squared. ‡Tests for trend, using the model 2 adjustment set, are based on models with ordinal body mass index variables with a P value for the ordinal body mass index term. §Coronary heart disease includes myocardial infarction, angina, coronary artery bypass graft surgery, and percutaneous coronary intervention. bacco use, educational achievement, US region, and physical activity reduced hazard ratios (HRs) slightly, and did not alter significance; a significant trend was found for increasing risk across weight classes. Similarly, among black women, all-cause mortality HRs were significantly higher for all obesity classes than for the normal BMI class in both the age-adjusted and fully adjusted models. Model 2 again showed a significant trend in risk across weight classes.
When we modeled CHD mortality among white women without baseline CHD, all obesity classes were associated with increased risk, with HRs showing a dose-response pattern throughout the obese range (Table 3 ). Adjusting the model for confounders resulted in minimally changed HRs, with an obesity 1 HR of 1.41 (95% CI, 1.02-1.94) and an extreme obesity HR of 2.59 (95% CI, 1.56-4.32), and a positive trend across weight categories. Among black women, only obesity 2 was significantly linked with CHD mortality, and the trend analysis was of borderline significance.
Coronary heart disease incidence was strongly related to weight class, regardless of race, with elevated risk appearing in the overweight range (HRs for white women, 1.39; for black women, 1.75). Although a trend for increasing risk across weight categories was noted for both white and black women, extreme obesity lost significance among black women in the fully adjusted model. Further adjusting the modeling analyses for baseline diabetes, hypertension, or hyperlipidemia indicated that much of the weight-related mortality risk was mediated by these factors. Most HRs for all-cause mortality approached 1, remaining significantly elevated only for white women in the extreme obesity category (HR, 1.42; 95% CI, 1.21-1.67), and black women in the obesity 2 range (HR, 1.56; 95% CI, 1.13-2.17). Regardless of race, adjustment for these weight-related cardiovascular risk factors eliminated any significant associations between weight class and CHD mortality; HRs were generally somewhat reduced and CIs were wide. However, adjusting models of CHD incidence for diabetes, hypertension, and hyperlipidemia reduced HRs modestly while minimally affecting significance. For example, among white women, HRs were 1.19 (95% CI, 1.08-1.31) for overweight, 1.27 (95% CI, 1.13-1.43) for obesity 1, 1.27 (95% CI, 1.07-1.51) for obesity 2, and 1.24 (95% CI, 1.00-1.55) for extreme obesity. Likewise, among black women, overweight (HR, 1.73; 95% CI, 1.09-2.75) and obesity 2 (HR, 2.04; 95% CI, 1.18-3.51) remained significantly greater than 1.
Removing deaths during the first year of follow-up from model 2 for either mortality outcome had little effect on HRs and did not change the significance of any relationships.
When we repeated the all-cause mortality analyses stratified by age for white women (TABLE 4), we found that weight class was not as strong a predictor for total mortality in older women as in younger women and that for the oldest women, overweight was slightly protective of mortality. Although a BMI ϫ smoking interaction showed a P value of Ͻ.05 in black women, the limited number of smokers in this sample, in particular, among black women with extreme obesity, did not allow estimation of obesityrelated risk according to smoking subsets in this racial group.
COMMENT
In this diverse population-based sample of older women, we found that obesity was linked with considerable health risk and that accounting for degree of excess weight is important in understanding weight-related health risk. Overall, extremely obese women were more likely to die over the average 7.0 years of follow-up than were women in other examined weight categories. Modeling *Outcomes are modeled separately with covariates: model 1, age; model 2, age, tobacco use, educational achievement, US region, and physical activity level. Tests for trend, using the model 2 adjustment, set are based on models with ordinal body mass index variables with a P value for the ordinal body mass index term. †Body mass index ranges: normal, 18.5 to 24.9; overweight, 25.0 to 29.9; obesity 1, 30.0 to 34.9; obesity 2; 35.0 to 39.9; extreme obesity, Ն40. Body mass index is calculated as weight in kilograms divided by height in meters squared.
analyses adjusted for age, smoking status, educational achievement, US region, and physical activity level showed that weight-related risk for all-cause mortality, CHD mortality, and CHD incidence did not differ by race/ethnicity. There was a positive trend in all-cause mortality risk and CHD incidence with increasing weight category. This trend had borderline significance for CHD mortality among black women, likely reflecting sample size limitations. Much of the obesity-related mortality and CHD risk was mediated by diabetes, hypertension, and hyperlipidemia. In white women, as other studies have found, 26 weight-related all-cause mortality risk was modified by age, with obesity conferring less risk among older women.
Smoking may modify weight-related risk in black women, but further study is needed to understand the nature of this relationship. Several limitations deserve mention. First, although the WHI-OS is the largest ethnically diverse sample to date to allow examination of extreme obesity-related mortality and morbidity, sample size was still inadequate to fully compare risks across all racial and ethnic groups and within smaller groups. Second, the low prevalence of smokers in this sample and the difficulty of measuring physical activity limit evaluation of the role of these behaviors in the weight-health relationship. Third, the outcomes were self-reported. However, bias was lessened by the use of standardized questionnaires and review of medical records. Because diabetes, hypertension, and hyperlipidemia are often asymptomatic, their estimates are particularly likely to be conservative and reflect health care access. Fourth, follow-up is limited to 7.0 years, which may be insufficient to detect the development of certain weightrelated outcomes or those due to lessextreme degrees of excess weight. Likewise, longer follow-up may minimize the effect of preexisting disease on estimates of weight-related health risk.
The lack of interaction between race/ ethnicity and BMI for any of the 3 main outcomes suggests that lower point estimates for hazard between extreme obesity and all-cause or CHD mortality in black women (vs white women) are due to the limited sample size of extreme obesity in that group. The small number of smokers in this subset may also artificially depress risk. The clear link between obesity and mortality or CHD incidence among black women in this sample emphasizes the importance of including adequate diversity in research studies and highlights the potential for preventive medicine practices to help reduce the disproportionate risk for CHD and mortality in the black community.
As have other studies, 27 we found that being overweight but not obese is not associated with mortality over the timeframe of our analysis. However, particularly for the younger women, its role in determining health risk should not be dismissed because overweight was associated with substantially increased risk of CHD incidence. Given the considerable mortality and morbidity associated with CHD, it is likely that 7.0 years is insufficient to detect the full effect of overweight on health.
These data suggest that diabetes, hypertension, and hyperlipidemia may mediate much of women's 7.0-year weight-related health risk. The finding does not lessen health implications of the obesity epidemic, for excess weight promotes development of these conditions. 20 However, it emphasizes the importance of aggressive diagnosis and treatment of diabetes, hypertension, and hyperlipidemia among obese individuals.
Reported recreational physical activity minimally influenced obesity's health hazard in this sample. Vigorous activity was seldom reported, so its effect may not be represented. Because the WHI-OS is diverse ethnically and geographically and because sedentary behavior is common, 28 it is plausible that sufficient physical activity to mitigate obesity's adverse health effects 29 may be rare in the older US population.
Our findings have important clinical and policy implications. The escalating prevalence of extreme obesity may exacerbate the health effects and healthrelated expenditures resulting from the US obesity epidemic. Calculating the weight-related risks of morbidity and mortality based on findings in earlier population samples, which tended to reflect lower degrees of obesity, may underestimate the risks for extremely obese individuals and overestimate the risks for mildly obese individuals in diverse groups. The consideration of risks related to specific categories of obesity may improve policy decision making in general and may help patients and clinicians more accurately assess the potential risks and benefits of weight loss interventions in particular patients.
In summary, we found that considering obesity as a homogenous condition with fixed risk is inappropriate. Weight-related health risk clearly varies with degree of excess weight. The distribution of body weight, age, and cardiac risk factor status also alter weight-related risk. Although prevalence of different weight categories differs by race/ethnicity, we found similar weight-related health risk in white and black women after accounting for BMI category, smoking status, educational achievement, US region, and physical activity level. More accurately assessing weight-related health risk may both improve policy decisions about obesity and assist women in making informed decisions about their health.
